A coupled hydrodynamic and mud transport model based on MIKE 21 software was established to simulate the sediment transport caused by the breakwater riprapping in a land reclamation project in Xiangshan County of Ningbo City, China. The model was calibrated with the tidal level and current speed and direction measurements in the project area in 2011. The results indicated that the sediment transport was largely controlled by the local hydrodynamic conditions. The concentration increment due to both riprapping and gate construction of 10 mg/L is 104.6 km 2 , most of which is caused by riprapping (91.0%). The impacted area caused by riprapping is considerable large compared with the breakwater length of 10 km and the land reclamation area of 18 km 2 . Therefore it is suggested that measures have to be taken to mitigate the negative impact caused by the increment of sediment concentration due to riprapping.
Introduction
Riprapping is a common practice for base foundation treatment in breakwater construction, which is rock dumping from vehicles or vessels. Riprapping will cause sediment resuspension and turbidity increasing, which has negative impact on the ambient habitat that usually covers larger area than the construction [1] . Comparing to dredging or silt dumping caused sediment movement study, riprapping caused sediment movement has been less studied [2] . It is believed that the far-filed advection-dispersion model can be applied to simulate the suspended sediment movement if the details of the initial sediment process can be neglected [3, 4] . Moreover, riprapping is usually an intermittent operation with unequal time interval, which makes it difficult in setting up sediment source load in the numerical model.
The present study investigated the suspended sediment transport due to riprapping during the breakwater construction in Donghaitu land reclamation project which is located in Xiangshan County of Ningbo City, China. According to the project proposal, the total length of the breakwater is around 10 km 2 and the riprapping amount will reach 2.59 million cube meters. It is estimated that 20% of the resuspended sediment will be transported by the tidal current and wave, while the rest will settle again immediately. MIKE 21 software has been applied to simulate the depth-integrated sediment concentration in the near see area. Moreover, a "moving point source" approach has been adopted in the model so that the generation of sediment load will fully duplicate the riprapping operation work in order to simulate the impact area accurately.
Methodology
A two dimensional (2D) mud transport (MT) model was established for the study using MIKE 21 software developed by DHI Water and Environment, Denmark [5] . The sediment transport formulations are based on the advection-dispersion calculations and include many processes such as wave-current interaction, flocculation, hindered settling, transition of sediments between layers and simple morphological calculations. A hydrodynamic module is required for the MT model to provide the current speed and direction as the basis of sediment transport modeling. The established model covers a large area to avoid the impact of open sea boundary conditions and to ensure that the impact of the project is within the computation domain, as shown in Fig. 1 . The hydrodynamic model was calibrated with the measurement data from five tidal level stations and nine temporary stations of current speed and direction in the vicinity of the project area in December 2011. In general, the simulation results agreed with the measurements well, as shown in Fig. 2 and 3 . The difference between the simulated and measured tidal level was within 15 cm. The difference between the simulated and measured current magnitude and phase was within 8%. The difference between the simulated and measured current direction was within 10 degrees. The 2.59 million cube meters of rock riprapping operation along the breakwater will last 24 months. The operation will be done on weekdays and 10 hours every day. It is estimated that the riprapping will generate a suspended sediment load of 3.18 kg/s. In addition, construction of three sluice gates will generate a load of 1.56 kg/s in short period, which has also been included in the model simulation. "Moving point source" approach has been adopted to simulate the generation of suspended sediment load during riprapping along the breakwater. The moving velocity is set as the same as that of the vessel. Therefore the model will fully duplicate the real process of the sediment generation in the construction site and the modelling result will well represent the sediment movement and the impacted sea area.
Results and Discussion
The simulation results showed that the sediment transport was largely controlled by the local hydrodynamic conditions. As a result, the suspended sediment will travel along south-north direction with tide, eventually depositing along the coastline. The rotating current exists in the construction sea area, but is too weak to carry the sediment away to the outer sea, as shown in Fig. 4 . 
Maximum increasing of concentration (mg/L)
According to the statistics of the modelling results, the concentration increment of 10 mg/L due to both riprapping and gate construction is 104.6 km 2 and increment of 100 mg/L is 15.7 km 2 , among which most is caused by riprapping (91.0%), as shown in Table 1 in detail. According to the regulation by the Chinese government, the increment of sediment concentration should not exceed 10 mg/L in order to avoid any irreversible negative impacts on marine habitat. Therefore, it is clear from the study that the impacted area caused by riprapping is considerably large compared with the breakwater length of 10 km and the land reclamation area of 18 km 2 . It is therefore suggested that measures have to be taken to mitigate the negative impact caused by the increment of sediment concentration due to riprapping. 
Conclusions
The sediment transport caused by breakwater riprapping in Donghaitu land reclamation project located in Xiangshan County of Ningbo City, China was simulated with a coupled hydrodynamic and mud transport model based on MIKE 21 software. "Moving point source" approach has been adopted to simulate the generation of suspended sediment load during riprapping in order to fully duplicate the real process of the sediment generation in the construction site and to well represent the sediment movement. The results indicated that the sediment transport was largely controlled by the local hydrodynamic conditions. The concentration increment due to both riprapping and gate construction of 10 mg/L is 104.6 km 2 , most of which is caused by riprapping (91.0%). The impacted area caused by riprapping is considerable large compared with the breakwater length of 10 km and the land reclamation area of 18 km 2 . Therefore it is suggested that measures have to be taken to mitigate the negative impact caused by the increment of sediment concentration due to riprapping.
